The atomic-beam magnetic-resonance method has been used to 177 i measure the nuclear spin and hyperfine structure of 6.8-day Lu. -1-UCRL-9 869 NUCLEAR SPIN, HYPERFINE STRUCTURE AND NUCLEAR MOMENTS OF 6.8-DAY LUTETIUM177*
spins and stati.c moments in this highly deformed region of nuclidès should furnish valuable test information for nuclear theories of the ground state , as well as provide a basis for nuclear spectroscopic studies.
II. THEORY OF THE EXPERIMENT
The atomic beam technique provides a sensitive method for observing radio-frequency transitions between two energy states of a free atom T 1/2) is imposed by the apparatus arrangement. At sufficiently low fields these transitions depend linearly on the field with a constant of proportionality which unambiguously fixes the nuclear spin. For example, the a transition (the focusable transition among the levels of maximum F of the type AF = 0, Am, = ± 1) in the 2 D 3 /2 state has a frequency dependence given by
When this transition is observed at several field vlues to insure dominance of the first term of Eq. (2), the nuclear spin is established, since all quantities are known except I.
All transitions other than a, f3, and '.j in Figs. 1 and 2 are of the type zF = ±1, zm = 0, ±1, and also involve a reversal of the sign of the effective atomic magnetic moment at high fields, These transitions approach the hyperfine-structure intervals near zero field and provide the best measure of these separations and hence of the constants a and b. Owing to the presence of field inhomogeneities in the transition region, it is frequently advisable to investigate these direct (F = ±1) transitions at fields where their frequency dependence (-) is a minimum. Table I gives, a summary of the regions in the 2 D 5 /2 state where several lines show minimum field dependence and hence can be expected to be narrow. These narrow lines observed at moderate fields frequently give information concerning g 1 and g j as well as precise values of the constants a and b.
In the calculation of nuclear moments from hyperfine-structure data, several alternatives are possible, depending upon prior knowledge concerning the element and upon the precision of the investigation. With high resolution, the effect of th:e nuclear magnetic moment in the Hamiltonian may be observed directly. Second, the nuclear dipole and quadrupole moments are calculable from the coupling constants a and b through theoretical formulas describing the interactjon of theelectrons and nucleus.
Third, when the moments for one isotope of an element are known, moments of another isotope can be obtained by using relatively simple proportions between hyperfine-structure constants and respective moments. In this work, UCRL-9869 the first method is employed to determine the sign of the nuclear magnetic moment, while the third method yields the most precise value for both the magnetic dipole and electric quadrupole moments.
For a single d electron (lutetium ground-state configuration is 5d 1 6s 2 ), the dipole and quadrupole hyperfine-structure coupling cnstants are related to the nuclear moments in the following way 3 (6) where is approximately equal to 1 and 8, the correction factor, is evaluated from Eqs. (6).
For two isotopes of the same element,. Eq. (3) yields a relation between the respective a's and g 1 t s, since all other quantities presumably remain constant.
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The resulting equation is uncertain to within ±0,510 due to hyperfine -structure-anomaly effects: a gi (7) 9 1 2 Similarly Eq. (4) The lutetium beam was produced from a tantalum oven of cubic shape measuring 3/8-in, on a side. Radioactive material was introduced through the oven top into a well containing a sharp-edged tantalum crucible for preventing the molten lutetium from flowing around the oven interior. The well was closed by a press-fitting plug, but communicated via a channel to 4-mil-wide slits on the oven front. The entire assembly was heated by electron bombardment.
Calibrating beams of rubidium isotopes were produced from a second oven located behind the radioactive oven. By moving the radioactive oven to one side, a calibrating beam could be observed. With the known constants for Lu 175 listed above and no hyperfine -structure anomaly, Eq.. (7) results in an uncorrected magnetic moment of = +2,217(10)nmfor L 7 1. The diamagnetically corrected moment is uncorr 3 then 41 = +-2.235(l0).nmif the correction factor 1.00827 is used. This corr procedure (Eq. 8) gives Q = +5.51(6) b for the uncorrected quadrupole moment.
In addition to hav.ing the same spin, both Lu' 75 and Lu' 77 have very similar magnetic dipole and electric quadrupole moments. The calculations were performed for a = 147.167 and b = 1805.928. 
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